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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high capacity and long life nonaqueous secondary 
battery by so arranging the discharged capacity until the potential difference between a 
negative electrode and a positive electrode many reach a prescribed value as to amount to a 
specified value, discharging a stationary current after charging. 

SOLUTION: In a nonaqueous secondary battery which stores and discharges alkaline metal 
reversibly, the constitution is so arranged that the discharged capacity until the potential 
difference between a negative electrode and a positive electrode reaches 1.0V amounts to 
1 300-2500 (mAh/cm3), by discharging it at a constant current of 0.5mA/cm2 after charging. So, 
this consists of negative electrode material used for it. and intermetal compounds containing at 
least one of group 4B elements and Pb and Sb, and the crystal structure consists of any of 
CaF2 type, ZnS type, and AILiSi type, and the CaF2 type is reverse fluorite type or fluorite type 
where the lattice constant is 6.36&angst; or over. Hereby, a long life or high energy density 
nonaqueous secondary battery can be obtained. 
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M^7 5 0 (mAh/cni 3 ) fcgffc 

u «tt**»o. 6 5 (v) , tt«ea^*?ji soo 

(mAh/cm 3 ) fc*BA*£A»K:jeffcl,T. ttffiftU. 
0 (V) TI51 8 9 0 (mAh/cm 3 ) lllt-Sui^ 

[0 0 7 8] 1W1.0 (V) KjiL£l$<2K5}l(7)Sfc 
«#S»7 0 0 (mAh/cm 3 ) fcJt«rr*<fc, Li-N 
/0 i S iztlt 151. 97(8, Li -MgzGetll 8 
1.7 Oft. Li-Mg2SnTli»2.15«, Li- 
MgzPbTfift2.12«, Li-AIPTH *5 2. 
7 2 ft, L i - A 1 S bttt, 8 3. 2 1ft, Li -CuM 
gSbTte, 82. 7 0 ftT&ofco Z(D£olZ*mmm 

\z£z>mm®m\t. gkmiztt^ 82~3ftT&£^<t 

[0079] £A±<D&?\z, *mmmz&K>. 
mtit&tzt, mmftm®&v\ts «i. 03-3. 7 

3ft, #IS;fcm§STte. 82. 7 4-4, 0 8ftfcft 

20 0, *««afcJ«nrt-*c£#T€r&. *fc, 

tt, tfHfcfclt'^ 82-3fttC^0, iSli^i^tiUP^ 

[0 0 8 0] CSKflSM 2 ] S4l:«t &JRSMb£«** 
J6«ltW«^«jfib, ^Jg^Jl <t^^lC^3CDlS^m 

[0 0 8 1 ] A*KtRa>ft«OX|tlsI»r1feO»*». n 

[0 0 8 2] 
[*4] 





(mAh/g) 


(mA h/cn 3 ) 












N 1 S 1 2 


499 


2 445 


1.34 


2.9 2 




Mg ; Si 


1 60 7 


3 O 5 3 


4.3 2 


3.6 5 


u 


Mg 2 G e 


109 5 


3 384 


2.9 4 


4.04 


a 


Mg,Sn 


7 88 


2837 


2.12 


3.3 9 


MM 


Mg,Pb 


5 2 4 


2786 


1.4 1 


3.3 3 


tr 


A 1 S b 


7 9 5 


34 18 


2. 14 


4.08 


a 


CoSi, 


108 


5 3 9 


O. 2 9 


0.64 


if 


MoS 1 2 


5 8 


3 6 3 


0.16 


O. 4 3 




TiSi 2 


2 5 2 


1 O 1 3 


0.7B 


1.2 1 




NI,SI 


138 


9 9 7 


0. 3 7 


1.19 


a 



[0083] 013 \*&&mmit&®<DmtiLmm% 0 <d 



50 



[0 0 8 4] B 4 ©MSfi*> 6*» en-SifiK? ft 



-7- 



# 

13 

sa©«§ttfiAitLi©sm<, 

»rt-*tft«»wL i ftABtftt&]?* C 

[0 0 8 5] a±OJ:5l^ L i te^ 

BB«AfflT***JKIBIft'&«tc*ViTl8a«lifi3&«Sr35rJl 

StSiTIi, ttl. 0 3-4. 3 2{g, 

ft 2. 7 4-4. 0 8«klfei3, ^m^S^tiJUDT^ 

[0 0 8 6] S&KM3) HI 1 K^snT^*cfc-5fc 

lrnA/cm 2 Ta5«£fr-3fc. L i RjKftOttffO|§|«r 

0, L i ^©» : FIHIl:#A$nfc(!:%A6n*. #tf 
*H»0.4 7X, #»»»U1.4 2XT*^ft. 
[0 0 8 7] Li ftJPALfcttfi^SBtfL i fetfc^fc 

1.0 (V) <D«ffi£T±tffc«, 1. 0 (V) 

[0 0 8 8] 012 fci^TJ: o \Z. ^<BK»<&Ih1St« 
L i KK^OK^^Jt^Si:, iBftfifflJ^, z/7 h L/T 

^jeR»b**bfc*>©T**. 

[0 0 8 9] LigAi(DMg2Ge^fan 6. 

1 6Ai1.00469777M^*OT*. fLT, 

tt, ft^RtfS. 3 8 6 A tCM£* Z-(D&T%.&<D& 

[0 0 9 0] Li£MgzGe J&> €> ft l> fc *> <& 

[0 0 9 1 ] t|S|«(Z)K»«. «»«C*lriT« 




(8) ^|g3|Z9 - 6 3 6 5 1 

74 

Ml 6 OmAh/gKK&U 3tift«ftjt«tt£*-tt 
-fnOV, 1.0V, «»«SE2 0mA/gTSM* 

[0 0 9 2] ItttWiUT, L i tt^HMASte&Tfc 

[0 0 9 3] B6l«(&eST*0, attLi 

IBHfr&ttN i S i 2, Mg2Ge, MgzSn, MgzP 
b, A 1 P, A 1 Sb, CuMgSb©a5»ttlM £7M$ttT 

[0 0 9 4] Litt ; FHI«AS!T&<, 3fc£fc®P#£>A*l 

[0095] Li-Pb <B3feifctt1M ZJlfttiE 2 0 T 
fcL 1M ^ 8 0^T11 16 0mAh/gS»ffL 
Tl****. J&»K:iM>U tf<*;Mfcl SUIT 

fi6 0mAh/gSt»W5. ft 2 0 00^ ^;PR 

[0 0 9 6] #5fiWfc*tt*&JR|IMb£4&N i S i 2, 
Mg2Ge, Mg 2 Sn, Mg2Pb, A1P, A1S 
b, CuMgSb©Sfi«^^H*tt2 ITU, 1M 
^;UR2 OIsJTl 6 0mAh/g&j»J*LT*50, 1M 
*;Hft5 0[h]S;T& 1 6 OmAh/ g £*il#LT^<5 £ £ 
j^UBTffc. it<^;UR5 OdlJ^JiTfe, «JSB0>&« 

[0 0 9 7] Sfe, #*&S0yo 1 6 0mAh/g^ 
JO TStM^RteS 0 (hIJ^±T 0 , Li~Pb©16 
0 m A h / g £*ft Jf-T 5 -tK * 7U£fc 8 © £ it $£T£ t , 
ft6. 2 5 Kifl/^tl^^^^o 

[0098] mmm^ mmmi tmmvumm, m 
fozm^K mmmmo. 5mA/cm 2 iz&^T3Ei&mjfe± 
mul* (Li/Lin ©tfii:»ifnfnov, 
i.ov , ftn£WLm£<Dmiz3 oftm&fcst&mfz 

1.0 V *T©S5^illffl*t?ttf|$-fr, -tOIBKMKK* 

[0 0 9 9] X5££#Jl0ftHmfc£«^OT£Re 

[0 10 0] -r^t>"6, Mg 2 P b <Ofe¥fem*6. 8 
3 6 A T*0. Mg 2 S n (0»^Rtt6. 7 7 A T 

MgaS i 0»f«Rtt6.3 5AT*5. 
[0101] 
[S5] 
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# 



(9) 



&m¥-9 - 6 3 6 5 1 



15 



16 





N i S 1 , 


M 0 2 S J 


M g 2 S n 


M g 9 P b 


A) 


5.38 


6.35 


6.77 


6.836 



[0102]H15ttNISii f MgzS i , MgeS 
n, Mg2 P ^;H$tt^t«BT*i. d CO 

ft^&»KSsa*<STu M g2 s i tui otM^ /o 

«^H«JI§IlS«®a©l9J«T^, N i S i 2 TU10 
^tt?£R3^6. 36AJ£U:T&£Mg2 S n, MgzPb 

^O&teMgiSn TH, 7 0it<^;VJ^±^T9 

0 OAh/KOMtMftOCi^Tt, MgzPb 
Tte, 7 0^^M±^t9 3 OAh / I OftS§I 
*«o^t^T€rs. -fftfc>*>, «S«iSa<a:#Sa>& 

[oio3] mmms) ^mmitmmizftf&istcm 
m^Mman^m^. mi etc^-r^-r >m<Dmmz 

f^Hbfc. 2 2litS, 2 3HiEffi, 2 4Ut/^- 
9. 2 5Htgfl^-X, 2 6teiEffi{M^-;*T!**. 

[0 10 4]#*lWl4ilTH #«^*3^iT« 
fi-r^S^bfcPC (yDfl/>^~«-h) <t DM 50 
E(l, 2-y/h + yX^» (DM&miz, figlmol 
/Uv MMCTL i PEb *-&*$i3rfc«««:ffiffl-r 

[0 10 5] -fe/^-^2 4te3R»J:/n£U>S<0*?L 
l7^MJ:0^ e £fc, iEIIJftS^ 1 3Kte7^ 
i=x^A&, at»IIH*2 0 ^^-y^M^ffiffif 
-5. «f6«gtt, IEI»-X2 6d:tgffl^-X2 5 

1 6*^stto, mzxT>u*m (sus304) ^oft*. 

[0 10 6] C03-f>S«»^*ViTfc, 40 

[0 10 7] «, nt&mz^X. 4Bj^7C^T^^> 
B, Si, Get, P. Sb£«#lC#0&KM{fc£to 

«*T*«B»ift^«s:tt»a7cr * c £ \z& o «sub# 

[0 10 8] IE«»«lltiLTtt, fed i Si. Mo 
R{b«<Dft;£ttre**L i Mn 2 Q4^ L i N i Q 2 ft 50 



[o i o 9] nmntisTte. ynei/>^-^-h 

COffl, 2-^fJl/rh7hFD77>, ^*tVl/>, 

fh7th'D77X 1. 2 -is* h*~>X*>, 

**>-K, hx h U;k ^M7> H, i**?^* 

ttS14W8ISS£lCL i P FeOffiL i C 1 04, L i A 1 
C 1 4, L i BF4, L i A s Fe m<DL i 

**wa«l»«ft<h\ -jRtJM'JdiSffl^fc 

[0 110] J^LLcDcfcoK, *mfiW*CJ:0, ftmiklS 
»«&»0igLfToTfc, ffffl«{t:*^ft<«»(OtB 
{g#'>ft<, £fc, *M J: 9* 

:i*<to*D t Tft;b*>> **»n^«»cofS*S:^:« 

[oiii] (mmm 6 ] $mm i k «-r awm^ 

[0 112] dcD#lHl^^ftffiS^^^a-^^^^ 

fc. KSIdilT lmol/'J y h;U L i PFb 

f;^-^-h©2 : 2 : 6§3jg£f£) ^ffi^ffifc 

3*^LT^b«6Tn«ffl«»«:fPBLfc. ft*5, IE« 
W3 2 telEffiS/'- h 3 8 «ffiffi 3 1 h 
QtftS^^JftU-KM^tcjiOttJKbfc. ft*5, 34 

[0 113] *SMfi«»c*^Tfe*JS«li:|SI«^»« 

[0 114] 

(1) as«|g<0O. 5mA/cm 2 C0^®St^T»ffi$it 
TtgtL i &H#Bgffi<!:<0«ffiS^l. 0 V KjgT£ 

$L-ciz3&ntcmffi<Dv$mmw& K>&v>tcmz$kmtm<D 

nm'gm*. 1 0 0 0-2 5 0 0(mAh/cm J ) it§ 
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# 



(10) 



9-63651 



17 



18 



[0115] (2) mmtiifimztiz. am) 

[0 6] &mm<t&w<D3zmm'V-'i2)itt& 0 
ims] caF 2 mmm. 

[0 9] Z n S^i^ 0 

Bio] AiLiSi mmm* 

[011] Mg2Ge0Xi(HlM(L i KjKffi&) . 

[012] MstGeoxmrnmrnoimtiL \ m^Rzs 



[013] mm^mmm^m^mmmt(Dmm^f 
0. 

[014] ^{ite^rtcDL i sktm&fe^ftQmftmo 

[015] »m^Sch1i-r^^i5:i:COfl|^^7n-r0o 

[0i6] 3^)\smm<Dmmm. 

[017] R^^®^<7)^t®0 o 
[ft^CD!^] 

1 ••■E'kll^iII-tM' K 2-"iaM#+M' K 4-ftffi, 
5-IES, 6--fe/\°l/-^ 7-Li^#0Sg, 8- 
^f>l/XE 10-Sg, 12-i»», 13-iEffi 
14-^tK®^> 16-^y7h, 2 0 
•••JtS«lftm&\ 2 2-fig, 2 3-JEffi, 2 4— 



[01] 



[03] 




[04] 

ia 4 



2000 



3 
S 

(-Ah/fl) 







o 
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c 

oo 

, 


CaSiz 

. i 


o° NiS * i 

CuMgSb i 


0 AISb 



[05] 



1.0 



+3 

^ 0.5 



*8tMEJX (roAh/cm 8 ) 





m 5 


Li-Mg2Pb 
U-NISI2 Li-AJP 




U-Mg2Ge/ 




graphite! 

I / 








r^y y u-Mg2Sn 






S \ \ 
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i 


J I 


\ ! 
i ! 

j i 
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i — > 



500 1000 1500 2000 2500 
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(11) 



^i¥9- 6 3 6 5 1 
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m 6 



C^7] 
El 7 




,::::' : ^""'-b" ::: --^ ^ 



Ml 2] 
E] 12 
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m 15 



2500 ■ 




M 23 26 
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(12) 



9-63651 



113] 



I 

H 1000 





O M Q2 Si 

Mg2Ge 
O 




o 9isb 

MOlSn 

Q °Mg 2 Pb 
NhSi 

J.. 1 i 



TO00 2000 3000 

t*WM83S (mAh/cm 3 ) 

[114] 



6 



Mg2Ge O y'MQtSn 



M0SI2 
CL_ 



NfcSi m .- 



_J_ 



100 



ai 7] 

El 17 




(72) 56SH« *g*I je^ 



(72)5B0i# j£B 

(72>58W# JIBS ^ffi 

i££*fc B a»f£fifr B ft WJtBf ft 
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